Reproductive traits in plants tend to evolve rapidly due to various causes that include plant-17 pollinator coevolution and pollen competition, but the genomic basis of reproductive trait evolu-18 tion is still largely unknown. To characterise evolutionary patterns of genome wide gene expres-19 sion in reproductive tissues in the gametophyte and to compare them to developmental stages 20 of the sporophyte, we analysed evolutionary conservation and genetic diversity of protein-coding 21 genes using microarray-based transcriptome data from three plant species, Arabidopsis thaliana, 22 rice (Oryza sativa) and soybean (Glycine max ). In all three species a significant shift in gene 23 expression occurs during gametogenesis in which genes of younger evolutionary age and higher 24 genetic diversity contribute significantly more to the transcriptome than in other stages. We re-25 fer to this phenomenon as "evolutionary bulge" during plant reproductive development because 26 it differentiates the gametophyte from the sporophyte. We show that multiple, not mutually 27 exclusive, causes may explain the bulge pattern, most prominently reduced tissue complexity 28 of the gametophyte, a varying extent of selection on reproductive traits during gametogenesis 29 as well as differences between male and female tissues. This highlights the importance of plant 30 reproduction for understanding evolutionary forces determining the relationship of genomic and 31 phenotypic variation in plants.
Introduction
: Summary of microarray-based expression data from different developmental stages used in this study. Further details about the individual datasets are provided in Supporting File S1. All transcriptome data for a given species were generated with the same Affymetrix array, but 145 hybridisations were conducted in independent experiments. To test for confounding effects from 146 the experimental conditions we also calculated the transcriptome indices by pre-processing datasets 147 independently (Supplementary Figure S3 ). This led to a relative shift of transcriptome indices 148 between pre-and postgametophytic developmental stages, but the evolutionary bulge remained as a 149 robust pattern. Using P -values associated with gene expression from a larger dataset for A. thaliana 150 ( Supplementary Table S1 ) we calculated modified transcriptome indices (see Methods) by including 151 only genes that are significantly expressed in a given stage with an FDR < 0.1 (Supplementary Figure S4 ). With few exceptions, reproductive tissues have higher evolutionary indices, and the reproductive versus sporophytic tissues).
156
Since the three evolutionary indices may not be independent of each other, we analysed their cor-157 relation with expression and accounted for potentially co-varying factors (Gossmann et al., 2014a) .
158
By assuming that expression variation between samples is similar and the same genes are analysed 159 across stages, the evolutionary index is proportional to the correlation coefficient, r (For a deriva-160 tion, see Supplementary Text S1). The analysis of correlation supports the evolutionary bulge 161 pattern because the highest value of r is observed for the gametophytic stages (Table 2; Table 2 : Correlation of gene expression with three evolutionary indices. The analysis was based on Pearson's correlation and partial correlation for selected development stages. For the partial correlations, the other two evolutionary parameters as well as gene length and d s were used as co-variates. is the average of an evolutionary parameter like gene age (TAI), divergence (TDI) and diversity 297 (TPI) that is weighted by the expression level of each gene. Confidence intervals were obtained by 298 bootstrapping, using 100 sets of genes for each experimental stage. For estimates of gene age we 299 followed the procedure of Quint et al. (2012) which is based on the construction of a phylostrati-300 graphic map. We used one-way BLAST (default parameters) hits against a sets of genomes that are 301 assigned to a certain phylostrata and the BLAST hit to the most distant phylostratum defines the 302 gene age (Albà and Castresana, 2007) . The oldest genes have a gene age value of 1 and the highest 303 gene age value was assigned to genes that are specific to a given species (youngest genes). For
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304
A. thaliana we classified 13 phylostrata, 9 for rice, 15 for soybean and 5 for Physcomitrella patens.
305
Altogether we used 40 plant genomes, details about the hierarchical order, the genomes assigned 306 to each phylostratum and number of genes with assigned gene age can be found in Supplementary 307 Figure S8 . For each species the largest age category was gene age of value 1.
308
To calculate a per gene estimate of divergence we calculated d N /d S using pairwise alignments , 2006) . We also introduce a new test statistic, the transcriptomic polymorphism index (TPI).
where s is the developmental stage, n the number of genes, e is the expression intensity of gene i in 315 developmental stage s, P N and P S the numbers of nonsynonymous and synonymous polymorphisms, 316 respectively, and N and S are the numbers of nonsynonymous and synonymous sites, respectively.
317
We used the ratio of nonsynonymous per site polymorphisms to synonymous per site polymorphism 
332
The standardized transcriptome index that does not consider genes with a non-significant expression 333 (Supplementary Figure S4) was calculated as follows:
wherex is the arithmetic mean of x 1 , . . . , x n and n the number of significantly expressed genes. We Supplementary Table  S1 . 
